We have developed rapidly tuned RF-pumped CO2 waveguide laser transmitters for remote sensing in the 9-1 1 im spectral range. The small size, high power and efficiency, and tunability ofthese lasers offer significant advantages over other laser sources in this spectral region. Employing acousto-optic modulators to achieve random-access tuning at pulse rates up to 100 kHz permits rapid gathering of data on time scales short compared to times for change in atmospheric turbulence and absorption effects, thereby improving the signal-to-noise ratios that can be achieved. Laser system design and performance characteristics of present systems are described, along with proposed concepts to increase optical bandwidths and extend the tuning range to cover the full long-wave atmospheric transmission window from 8-12 m.
the absence of solid-state lasers to fill this need, we have continued to develop and utilize CO2 lasers as laser transmitters for remote sensing.2'3'4 While solid-state lasers are versatile and convenient for many low to medium power applications in the near and mid-infrared spectral regions, CO2 lasers continue to be the most powerful and most efficient lasers readily available for LWIR applications. Since CO2 lasers are also tunable over many rotational lines throughout the 9-1 1 tm spectral region, where many molecules have characteristic absorption, they have long been the lasers of choice for remote sensing systems5. The high average power capability translates into high pulse repetition rates needed to reduce the noise from timedependent atmospheric turbulence, absorption, and laser speckle. In what follows, the characteristics of high-speed tunable CO2 lasers under development are described. Ongoing work on the enabling technology of acousto-optic (AO) modulators and deflectors for fast laser tuning and system diagnostics is then presented, followed by recent work resulting in substantially improved waveguide performance. Finally, suggestions are made for future approaches to extend the tuning range and increase the bandwidth covered by LWIR lasers by combining CO2 laser pump technology with nonlinear conversion techniques.
II. 100 kHz Random-Access-Tuned Q-switched CO2 Lasers Radio Frequency (RF) pumped waveguide CO2 lasers have been shown to be compact, robust, reliable devices for industrial and laboratory applications6. Efficiencies approaching 10 % are generally achievable, and maintenance-free sealed-off operation with gas lifetimes approaching 20,000 hours have become routine. The beam quality provided by the waveguide mode is usually excellent, with typical M2 1.2. The low voltages permitted by a transverse pumping geometry reduce the complications often encountered with the high voltages required for longitudinal discharge gas lasers. Remote sensing systems employing RFpumped CO2 have been operated at high pulse repetition and tuning rates in the range of [5] [6] [7] [8] [9] [10] kHz with high reliability and good performance7. In the present paper, we describe development efforts to extend the pulse and tuning rates to ultra-high ranges near 100 kHz, 4 and describe technologies that are being developed to enhance the performance and wavelength ranges covered by LWIR remote sensing laser systems. Figure 1 shows a block diagram ofthe computer controlled 100 kllz randomly tuned Q-switched CO2 laser system. The modified DEOS NV laser head gain cell shown in Fig. 1 The simple configuration shown in Fig. 1 Since discharge currents were increased roughly inversely to the channel width in the experiments presented in Fig. 9 , it is possible that these deleterious dissociation processes could be countering the expected improvements from increased thermal transport rates. This possibility was reinforced by recent reports 12 of substantial improvement in the performance ofRF-pumped slab CO2 lasers, using heated goldplated discharge electrodes to catalytically recombine the CO and 02. As a test of the dissociation/recombination mechanisms, we replaced the bare aluminum electrode ofthe waveguide testbed apparatus with a gold-plated copper electrode, and observed the marked increase in small-signal gain displayed in Fig.10 . The 2.25 mm width aluminum electrode result in Fig. 9 is included for better comparison with Fig.l0 . While the improvement was small for the symmetric waveguide, substantial improvements are demonstrated for 0.75 and 1 .00 mm channels. The pressure range over which performance ofthe 0.75 mm waveguide is superior to that ofthe 1 .0 mm waveguide was also increased. .
. , 1 00x2 25 fITfl (Goki (1CC(fO&)) ( • Further benefits are expected to accrue from the smaller waveguide geometry and higher operating pressures. First of all, the laser medium should recover faster between pulses, under these conditions, since most ofthe relevant kinetic processes, being second order reactions, are faster under these conditions. This is highly beneficial for high repetition-rate operation. In addition, the increased pressure increases collisional broadening ofthe laser transition, supplying the bandwidth to enable the laser to operate with shorter pulsewidths. This could be particularly important for mode-locked operation. Finally, for a given gain, an increased linewidth results in increased energy storage, and thus greater extractable energy.
C. Modeled performance for next generation system configuration The model we have developed for transmitter performance has been used to design advanced systems. One such design is displayed in Fig. 1 
